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I. I n t r o d u c t i o n  
During t h e  y e a r s  1964-1965 t h e  Coordinated Science Laboratory 
conducted a series of radio-propagat ion experiments employing r o c k e t  
probes to  determine e l e c t r o n  d e n s i t y  and c o l l i s i o n  frequency from 
measurements of d i f f e r e n t i a l  abso rp t ion  and Faraday r o t a t i o n  i n  t h e  
D-region o f  t h e  ionosphere i n  connection w i t h  a s y n o p t i c  IQSY 
i7 
program, headed by D r  . Sidney Bowhill.  A t o t a l  of r o c k e t  experiments 
were conducted, 
lG;. 
of  which were considered o p e r a t i o n a l l y  s u c c e s s f u l .  
This  r e p o r t  p r e s e n t s  a gene ra l  d e s c r i p t i o n  of t h e  automatic  d a t a  
p rocess ing  equipment and compilat ion o f  a l l  t he  d i f f e r e n t i a l  absorp- 
t i o n  and Faraday r o t a t i o n  d a t a  e x t r a c t e d  from t h i r t e e n  experiments 
conducted by t h e  Coordinated Science Laboratory and t h r e e  experiment 
conducted by the Aeronomy Group o f  the U n i v e r s i t y  o f  I l l i n o i s  E l e c t r i c a l  
Engineering Department, using the equipment developed by CSL. A 
complete d e s c r i p t i o n  o f  CSL's r a d i o  propagation experiment i s  given 
i n  r e f e r e n c e  1. A d e s c r i p t i o n  of e a r l y  d a t a  a n a l y s i s  be fo re  completely 
au tomat i c  d a t a  r e d u c t i o n  methods were used i s  g iven  i n  t h e  same 
r e f e r e n c e .  A l l  o f  t h e  d a t a  presented h e r e  was ob ta ined  by t h e  
au tomat i c  d a t a  p rocess ing  techniques.  
11. D i f f e r e n t i a l  Absorpt ion and Faraday Ro ta t ion  Data 
The r o c k e t  des igna t ion  number, l o c a t i o n  o f  launch,  launch 
t i m e ,  nominal t r ansmiss ion  frequency, and miscel laneous no te s  f o r  t h e  
seven teen  experiments are l i s t e d  i n  Chart  I .  No Faraday r o t a t i o n  and 
q u e s t i o n a b l e  d i f f e r e n t i a l  abso rp t ion  d a t a  were observed f o r  t h e  
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e q u a t o r i a l  f i r i n g  14.228 from t h e  a i r c r a f t  c a r r i e r .  One r eason  f o r  
t h i s  i s  t h a t  i t  was extremely d i f f i c u l t  t o  se t  the  r e q u i r e d  l i n e a r  
p o l a r i z a t i o n s  aboard t h e  a i r c r a f t  c a r r i e r .  
Experiment 14.147 was f i r e d  from Wallops I s l a n d  i n  a low 
t r a j e c t o r y  over t h e  a i r c r a f t  carrier USNS Croatan. During t h e  r o c k e t  
a s c e n t ,  s i g n a l s  were t r a n s m i t t e d  from t h e  Wallops I s l a n d ,  V i r g i n i a ,  
s i t e .  During t h e  descen t ,  s i g n a l s  were t r a n s m i t t e d  from t h e  Croatan 
about  60 m i l e s  east  of Wallops I s l a n d .  
p o r t i o n  of t h e  r o c k e t  t r a j e c t o r y  has always been i n f e r i o r  f o r  a l l  
t h e s e  experiments because t h e  r o c k e t  has moved o u t  o f  t h e  main v e r t i c a l  
l obe  o f  t h e  t r a n s m i t t i n g  antenna a r r a y  p a t t e r n .  
Data ob ta ined  from t h e  descending 
Experiment 14.248 was only p a r t i a l l y  s a t i s f a c t o r y  because 
poor t e l eme t ry  o p e r a t i o n  r e s u l t e d  i n  very low s i g n a l - t o - n o i s e  r a t i o s .  
The p resen ted  d a t a  f o r  t h i s  experiment i s  t h e r e f o r e ,  incomplete.  
111. Automatic Reduction of D i f f e r e n t i a l  Absorption Data 
D i f f e r e n t i a l  i onosphe r i c  abso rp t ion  i s  r e p r e s e n t e d  by t h e  
excess o f  e x t r a o r d i n a r y  (S)  wave t r ansmi t t ed  power r e q u i r e d  t o  main- 
t a i n  a c o n s t a n t  amplitude r a t i o  (about 3 : l )  between t h e  o r d i n a r y  
(0-wave) and t h e  X-wave as seen a t  t h e  o u t p u t  of t h e  rocket-borne 
r e c e i v e r .  A r e t u r n  p a t h  from t h e  rocke t  t o  ground, v i a  t e l eme t ry  
p r o v i d e s  f o r  servo c o n t r o l l i n g  t h e  X-wave t r a n s m i t t e d  power t o  a l e v e l  
which ma in ta ins  the d e s i r e d  r a t i o  during D-region p e n e t r a t i o n .  
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Tape r eco rds  o f  both X-and O-wave power l e v e l s  are ob ta ined  
from potent iometers  ganged t o  the  corresponding loga r i thmic  r f  
a t t e n u a t o r s .  A t t enua to r  p o s i t i o n  i s  recorded,  as an amplitude modu- 
l a t e d ,  145 Hz s i g n a l .  The modulation r e p r e s e n t s  t r a n s m i t t e d  power 
on a d e c i b e l  s c a l e .  The system f o r  t r a n s f e r r i n g  t h e  a t t e n u a t o r  d a t a  
from t h e  analog magnetic tape recorder  t o  punched paper t a p e ,  which 
s e r v e s  a s  an  i n p u t  t o  a d i g i t a l  computer, i s  desc r ibed  below. The 
d i g i t a l  computer i s  programmed to g ive  a t a b u l a t e d  p r i n t  o u t  and a 
g r a p h i c a l  p l o t  of X-wave power i n  dB vs t i m e  a f t e r  launch. F igu re  1 
i s  a block diagram o f  t h e  d a t a  r educ t ion  system. During r o c k e t  
f l i g h t  t he  145 Hz, X-wave power l e v e l  s i g n a l  i s  recorded on a 
Minneapolis-Honeywell t ype  8100 magnetic t ape  r e c o r d e r  a t  30 inches  
pe r  second t a p e  v e l o c i t y .  The O-wave i s  a l s o  r eco rded  a s  a 95 Hz 
s i g n a l .  I n  t h e  d a t a  r e d u c t i o n  process t h e s e  t a p e s  are played back 
a t  1-7/8 inches pe r  second, o r  1/16 r eco rd  v e l o c i t y .  This  s t r e t c h e s  
t h e  d a t a  i n  t i m e  and a l lows  more sampling p o i n t s  per  second t o  be 
punched on t h e  paper t a p e  a t  i t s  maximum punch r a t e  o f  10 words p e r  
second. 
r e c t i f i e r  where t h e  145 Hz s i g n a l  i s  converted t o  dc r e p r e s e n t i n g  
t h e  X-wave power l e v e l .  F igu re  2 i s  a schematic of t h e  r e c t i f i e r -  
f i l t e r .  A p r e c i s i o n  r e c t i f i e r  c i r c u i t  i s  used t h a t  i n c o r p o r a t e s  
r e c t i f y i n g  diodes i n  t h e  feedback loop of a Burr-Brown 1503 o p e r a t i o n a l  
a m p l i f i e r .  
v a l u e .  
f i l t e r  w i t h  a compromise t i m e  cons t an t  smaller than  t h e  d a t a  sampling 
rate and l a r g e r  than t h e  145 Hz carrier r i p p l e  pe r iod .  
The Honeywell r e c o r d e r  ou tpu t  i s  coupled t o  a f u l l  wave 
N o n - l i n e a r i t y  o f  t h e  diodes i s  reduced t o  a very small  
The r e c t i f i e r  balanced ou tpu t  i s  followed by an  RC r i p p l e  
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The dc r e p r e s e n t i n g  X-wave power l e v e l  i s  f e d  t o  an  analog- 
t o - d i g i t a l  conve r t e r  and t o  t h e  paper tape punch. A launch range 
t i m e  decoding system feeds  commands to  the  c o n v e r t e r .  The u n i t s  
involved i n  t h e s e  f u n c t i o n s  are a Vidar type 510 i n t e g r a t i n g  d i g i t a l  
v o l t m e t e r ,  a Vidar type 651-1 coup le r ,  and a T a l l y  type  420 t a p e  
punch. 
p l o t  o f  t h e  d a t a  during p rocess ing .  Since t h e  t r a n s m i t t e d  0-wave 
power l e v e l  was kep t  c o n s t a n t  during a f l i g h t ,  t h e  d i f f e r e n t i a l  abeorp- 
t i o n  i s  r ep resen ted  i n  the  d a t a  presented i n  t h i s  r e p o r t  by a change 
i n  t h e  t r a n s m i t t e d  X-wave power l e v e l .  
An Offner  RS pen r eco rde r  provides a low r e s o l u t i o n  analog 
I V .  Automatic Reduction of Faraday Ro ta t ion  Data 
Faraday r o t a t i o n  i s  r ep resen ted  by the  r e l a t i v e  p o l a r i z a t i o n  
a n g l e  between the  t r a n s m i t t e d  0- and X-waves. Since t h e  t r a n s m i t t e d  
0- and X-waves are i n  t h e  ampli tude r a t i o  3 : l  and have a frequency 
d i f f e r e n c e  of 500 Hz, t h e  r e s u l t a n t  t r a n s m i t t e d  wave appears  i n  space 
a s  a n  e l l i p s e  whose a x i s  r o t a t e s  a t  250 r p s .  Faraday r o t a t i o n ,  
causes  a change i n  t h e  r o t a t i o n  of t h e  a x i s  o f  t h i s  e l l i p s e .  The 
d e t e c t e d  o u t p u t  of t h e  r o c k e t  receiver i n  t h e  absence o f  t h e  r o c k e t  
r o l l  t h u s  c o n s i s t s  o f  a s i g n a l  whose fundamental frequency i s  
2(250 2 fF)  Hz. 
component t o  t h e  fundamental frequency t o  g i v e  t h e  r e s u l t  2(250 2 f F  
There i s  a l s o  a small phase c o r r e c t i o n  due t o  t i m e  de l ay  o f  t h e  t r a n s -  
mi t ted  s i g n a l  i n  reaching t h e  rocke t .  
fF  , 
I n  a d d i t i o n ,  t h e  rocket  r o l l  rate,  f r ,  adds i t s  
f ,) .  




The Faraday r o t a t i o n  d a t a  processor  a u t o m a t i c a l l y  extracts  
the  accumulated Faraday r o t a t i o n ,  O F  = 2TT s f d t  by removing t h e  
accumulated r o l l  phase component 8 
t h e  X- and 0-wave d i f f e r e n c e  frequency 8 
r e c e i v e r  s i g n a l .  
F 
and t h e  accumulated phase due t o  r 
from t h e  composite r o c k e t  5 00 
I n  equa t ion  form, t h i s  may be s t a t e d  as 
- - 
r '500 28 rr 2 e F ( t )  = e 
= 2n (2fF & 2 f r  2 500) d t  7 2rr 2f d t  ~ T T  s 500 d t ,  (1) r 
i n t e g r a t e d  over t h e  i n t e r v a l  from rocke t  launch t o  t i m e  t .  
The Faraday r o t a t i o n  d a t a  processor  block diagram i s  shown 
i n  F igu re  3 and i n  more d e t a i l  i n  Figure 4 .  During r o c k e t  f l i g h t ,  
t h e  r o c k e t  r e c e i v e r  o u t p u t ,  r o c k e t  r o l l  (magnetic a s p e c t )  s i g n a l  and 
d i f f e r e n c e  frequency s i g n a l  between t h e  X- and 0-waves are recorded 
on magnetic t ape  a t  30 i n c h e s / s e c .  During t h e  d a t a  r e d u c t i o n  t h e s e  
t a p e s  are played back a t  1 /16  of t he  r eco rd  v e l o c i t y .  
r o t a t i o n  a n g l e  i s  e x t r a c t e d  from t h r e e  s i n u s o i d a l  i n p u t s ,  whose phases 
s p e c i f y  a n g l e s .  
f e d  t o  a mechanical phase s h i f t e r  which has  a servo-driven s h a f t  
i n p u t  corresponding t o  Faraday r o t a t i o n  ang le .  This  s h a f t  ang le  i s  
g e n e r a t e d  by a se rvo  feedback loop desc r ibed  below. 
Faraday 
The X- and 0-wave d i f f e r e n c e  frequency s i g n a l  i s  
The mechanical phase s h i f t e r  o u t p u t  phase i s  added t o  t h e  
r o c k e t  r o l l  s i g n a l  phase i n  an image-free frequency mixer t o  form a 




phase d i f f e r s  from t h e  r o c k e t  r e c e i v e r  te lemetered s i g n a l  phase o n l y  
by the  amount of  Faraday r o t a t i o n .  For t h e  i n i t i a l  zero Faraday 
r o t a t i o n ,  and f o r  a s u i t a b l e  i n i t i a l  servo p o s i t i o n ,  t h e  phase 
d i f f e r e n c e  o f  t he  r o c k e t  r e c e i v e r  ou tpu t  and syn thes i zed  r e f e r e n c e  
d i f f e r  by a c o n s t a n t  90' and no ou tpu t  i s  ob ta ined  from t h e  c o r r e -  
l a t i o n  phase d e t e c t o r .  N o  servo d r i v i n g  s i g n a l  i s  then  p r e s e n t .  
I n  the even t  of Faraday r o t a t i o n ,  the r o c k e t  r e c e i v e r  s i g n a l  phase 
changes wi th  respect t o  t h e  r e f e r e n c e  phase producing a p o l a r i z e d  
o u t p u t  from the  c o r r e l a t i o n  phase d e t e c t o r .  This  o u t p u t  i s  a servo 
e r r o r  s i g n a l  which causes  the  servo t o  t u r n  the  mechanical phase 
s h i f t e r  a n  amount necessa ry  t o  br ing t h e  r o c k e t  r e c e i v e r  and r e f e r e n c e  
phases a g a i n  to  90 d i f f e r e n c e .  The servo s h a f t  p o s i t i o n  i n d i c a t e s  
Faraday r o t a t i o n  and i s  r ead  o u t  by a h e l i p o t .  Since t h e  analog 
c a l c u l a t i o n s  a r e  performed on double a n g l e  i n d i c a t i o n s  , t he  se rvo  
s h a f t  i n d i c a t e s  double Faraday r o t a t i o n  a n g l e .  
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The servo s h a f t  p o s i t i o n  i s  picked o f f  by a m u l t i  t u r n -  
po ten t iome te r  s e t  t o  g i v e  1.80 v o l t s  pe r  s h a f t  r e v o l u t i o n .  Analog 
o u t p u t  i s  then 0.01 v o l t s  p e r  degree o f  Faraday r o t a t i o n .  
i s  f e d  t o  an i n t e g r a t i n g  d i g i t a l  vol tmeter  which performs an  analog- 
t o - d i g i t a l  conversion and a c t u a t e s  t h e  T a l l y  t a p e  punch. Paper t a p e  
punches a r e  commanded by r e p e t i t i v e  p u l s e s  de r ived  from, and syn- 
ch ron ized  w i t h  t h e  launching range t i m e  s i g n a l s .  
This  o u t p u t  
A d e t a i l e d  d e s c r i p t i o n  of t h e  Faraday r o t a t i o n  d a t a  processor  
i s  be ing  prepared i n  a Coordinated Science Laboratory i n t e r n a l  r e p o r t .  
V.  Desc r ip t ion  of D i g i t a l  Computer Program 
The purpose o f  t h e  computer i s  to: 
1. Determine non- l inea r  c o r r e c t i o n s  from c a l i b r a t i o n  d a t a  and 
apply t h e s e  t o  a l l  d i f f e r e n t i a l  a b s o r p t i o n  d a t a .  
2 .  Use the  f a c t o r s  ob ta ined  i n  1. t o  t r a n s l a t e  and conve r t  t h i s  
d a t a  to  d i f f e r e n t i a l  abso rp t ion  i n  dB ve r sus  t i m e  a f t e r  
launch. 
3 .  P l o t  a l l  d i f f e r e n t i a l  abso rp t ion  va lues  v e r s u s  seconds a f t e r  
1 aunch . 
4 .  Average the  d i f f e r e n t i a l  abso rp t ion  va lues  f o r  each one 
second i n t e r v a l  and p r i n t  these v e r s u s  t i m e  a f t e r  launch. 
5 .  Obtain t h e  median values  for  each one second i n t e r v a l  and 
p r i n t  t h e s e  v e r s u s  seconds a f t e r  launch.  
6 .  P l o t  t he  median va lues  versus  seconds a f t e r  launch. 
The computer t a s k s  f o r  ob ta in ing  Faraday r o t a t i o n  a r e  
i d e n t i c a l  except  t h a t  a c a l i b r a t i o n  procedure i s  n o t  employed. 
The computer program, c a l l e d  Program Median, accomplishes 
t h e  r e q u i r e d  t a s k s  f o r  both d i f f e r e n t i a l  a b s o r p t i o n  and Faraday 
r o t a t i o n  a s  follows: 
1. The paper t ape  from t h e  a n a l o g - t o - d i g i t a l  conve r t e r  i s  
t r a n s l a t e d  t o  F o r t r a n  E 1 O . O  format and s t o r e d  on magnetic 
t a p e .  
2 .  For the  d i f f e r e n t i a l  ab,sorpt ion d a t a  o n l y ,  t he  X-a t t enua to r  
c a l i b r a t i o n  s i g n a l s  are a l s o  t r a n s l a t e d  and s t o r e d  on magnetic 
t a p e .  This  c a l i b r a t i o n  data  i s  p r i n t e d  o u t ,  t he  conversion 
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f a c t o r  i s  manually e x t r a c t e d  f o r  each a t t e n u a t o r  s t e p  and 
t h e  d a t a  i s  r e tu rned  t o  t h e  computer i n  t h e  form of  a para-  
meter t ape .  The conversion f a c t o r  f o r  t h e  l a r g e s t  a t t e n u a t o r  
s e t t i n g  i n  dB i s  f ed  i n  f i r s t .  S tep  number 2 i s  omi t t ed  
f o r  Faraday r o t a t i o n  s i n c e  t h e r e  i s  on ly  one cons t an t  
f a c t o r ,  l a b e l e d  CNVFCT,  f i xed  a t  100 d e g r e e s / v o l t .  
3 .  The d a t a  s t o r e d  on the  magnetic t ape  i s  fed  t o  t h e  computer. 
The program can handle  a maximum of  100 seconds o f  d a t a  a t  
100 d a t a  p o i n t s  per  second. 
4 .  The computer examines the  main parameter tape  t o  a s c e r t a i n  
a )  i f  t he  da t a  i s  t h r e e  o r  fou r  s i g n i f i c a n t  f i g u r e s ,  
b)  i f  t he  d a t a  i s  d i f f e r e n t i a l  a b s o r p t i o n  ( D . A . ) ,  Faraday 
r o t a t i o n  ( F . R . )  o r  D . A .  c a l i b r a t i o n  d a t a ,  
c )  t h e  t a l l e y  punch decimal c o n t r o l  mode ( I n  t h e  c a s e  where 
t h r e e  s i g n i f i c a n t  f i g u r e s  a r e  c a l l e d  f o r ,  t h i s  parameter  
s p e c i f i e s  which t h r e e  of  t h e  f i v e  decimal f i g u r e s  on t h e  
d i g i t a l  vo l tmeter  ou tpu t  a r e  being u s e d . ) ,  
d )  t h e  number o f  d a t a  po in t s  per  second,  
e )  t h e  r o c k e t  des igna t ion  number , 
f )  t he  da t a  s t a r t i n g  time i n  Greenwich mean t i m e ,  
g )  t h e  launch t i m e  i n  Greenwich mean t i m e  (seconds o n l y ) ,  
h )  t h e  d e s i r e d  s t a r t i n g  t i m e  a f t e r  launch f o r  c a l c u l a t i n g  
and p l o t t i n g  d a t a  p o i n t s ,  
i) t h e  d e s i r e d  s topping  time a f t e r  launch f o r  c a l c u l a t i n g  
and p l o t t i n g  da ta  p o i n t s ,  and 
j )  t h e  l a s t  second's  worth o f  da ta  put  on magnetic t ape .  
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5. The parameter t ape  i s  s t o r e d  on t h e  magnetic t a p e  preceding 
t h e  t r a n s l a t e d  d a t a  o f  s t e p  1. 
6 .  The d a t a  t a p e  i s  examined to a s c e r t a i n  whether i t  i s  i n  t h e  
form of 3 o r  4 s i g n i f i c a n t  d i g i t s .  
o f  d a t a  i s  then  r ead  i n ,  p r i n t e d  o u t ,  and d a t a  e r r o r s  
r e j e c t e d  and i n d i c a t e d .  The good d a t a  p o i n t s ,  i n c l u d i n g  t h e  
end p o i n t s ,  are then averaged over one second and t h e  average 
p r i n t e d  o u t  f o r  each second a f t e r  launch. The median f o r  
each second's worth of d a t a  i s  then ob ta ined  by going through 
t h e  l i s t  o f  d a t a  p o i n t s  and s u c c e s s i v e l y  s e l e c t i n g  t h e  
smallest va lue  u n t i l  h a l f  plus  one o f  t h e  t o t a l  number o f  
p o i n t s  i n  one second have been o rde red .  Th i s  p o i n t  i s  
des igna ted  t h e  median value and p r i n t e d  o u t  ve r sus  t i m e  
a f t e r  launch. I f  a d a t a  e r r o r  occurs  w i t h i n  a second, t h e  
median i s  n o t  c a l c u l a t e d  f o r  t h a t  p a r t i c u l a r  i n t e r v a l  of 
t i m e  . 
I f  i t  i s  d e s i r e d  t o  au tomat i ca l ly  p l o t  t h e  above resu l t s ,  
a p l o t t i n g  parameter t ape  i s  examined f o r  t h e  fol lowing 
i n f o  r m a  t i  o n : 
a )  S t a r t  and s t o p  p l o t t i n g  t i m e s  a f t e r  launch.  
b) Whether an  o r d i n a t e  s c a l e  f a c t o r  i s  d e s i r e d .  I f  n o t ,  t h e  
The f i r s t  second's  worth 
7. 
computer c a l c u l a t e s  a n  optimum scale f a c t o r .  
c)  Ord ina te  scale f a c t o r .  
d) Height  of maximum o r d i n a t e  i n  i n c h e s ,  w i t h  a maximum of 
29 inches .  
e )  Number of seconds p e r  inch ( t i m e  a f t e r  launch s c a l e ) .  
10 
8. Type o f  p l o t  d e s i r e d .  The r o u t i n e  can  p l o t  
a )  a l l  d a t a  p o i n t s  ve r sus  seconds a f t e r  launch,  
b)  two d a t a  p o i n t s  p e r  second ve r sus  seconds a f t e r  launch,  
c)  median va lues  ve r sus  seconds a f t e r  launch. 
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Coordinated Science Laboratory,  Dec. 1965. 
2 .  CSL I n t e r n a l  Report  1-134, "Program Median," by H .  C .  Morr i s ion ,  
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Chart  I 
ROCKET LAUNCHES W I T H  DATA PROCESSED 
Launch Propagat ion Apogee T i m e  of 
T ime  
G.M.T.  
Launch Launch A l t i t u d e  L a s t  Val id  
MHz km F. R .  Data 
Frequency Locat ion Date 
4-16-64 2105: 00 Wallops I s l . ,  Va. 3.385 167.8 
37O 50' N 
75' 29' W 
14 144 
Comments: This  f i r s t  experiment e s t a b l i s h e d  the v a l i d i t y  of t h e  servo loop mode of  
opera t i o n .  
7-15-64 0800: 00 Wallops Isl. Va. 2.225 154.3 83.1 
14,145 7-15-64 0920:OO Wallops Isl .  Va. 2.225 160.8 91 -5  
14.136 7-15-64 1025:OO Wallops I s l . ,  Va. 2.225 1 7 1 . 2  90.6 
t 
14.149 11-19-64 2020: 00 Wallops I s l . ,  Va. 2.225 167 .O 
Chart I (cont inued)  
76.7 
F. R .  Data 
o f f  Wallops I s l . ,  
14.228 3-20-65 1320:09 USNS Croatan on 3.385 174.0 
Magnetic Equator 
100 m i l e s  W .  L i m a ,  
14.229 3-27-65 0931:09 USNS Croatan on 2.225 
Magnetic Equator 
100 m i l e s  W .  L i m a ,  
Peru 
Coments:  No d a t a  ob ta ined  due t o  t e l e m e t r y  f a i l u r e .  
164.7 
14 230 
Zenith a n g l e  60'. 
4-5-65 1345: 53 USNS Croatan 3.385 
29' 34' S 
75' 13' W 




Launch Propagat ion Apogee T i m e  o f  
G.M.T.  
Launch Launch T i m e  Frequency A l t i t u d e  L a s t  Val id  
MHZ km F. R.  Data Date Locat ion 
4-9-65 1918: 15 USNS Croatan 3.385 191.0 8 1 . 4  
44' 15' S 
77' 40' W 
Comments: L a t t i t u d e  survey series. Magnetic l a t i t u d e  31' S.  So la r  Zeni th  a n g l e  60°. 
14,232 4- 12-65 1714:02 USNS Croatan 3.385 186.7 80.7 
58O 19' S 
78O 00' W 
14.244 9-15-65 2028:OO Wallops I s l . ,  V a .  3.385 180.0  84  
37' 50' N 
75O 29' W 
14 246 6-17-65 2 1 4 1 ~ 0 0  Wallops Isl., Va. 3.385 176.0  85.8 
14.247 12-15-65 1700: 00 Wallops I s l . ,  Va. 3.385 182.9 
14.248 1-10-66 1714:OO Wallops I s l . ,  Va. 3.385 
Minneapolis 
Rect i f ier  
Figure  1. Block diagram o f  d i f f e r e n t i a l  abso rp t ion  
d a t a  p rocesso r .  
Type RS 
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Figure  3 .  Block diagram of  Faraday Ro ta t ion  
Data Processor .  
playbock 
record : 
X I  I 
Telemetered rnognetic ospect sensor 
quodrature quadroture 
network n e t w o r k  
2 x  (Farodoy rotat8on + rocket r o i l +  ground r r f  I I 
u I 
Figure  4 .  Block diagram of  Faraday Rota t ion  Data 
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